Objective To examine the impact of medication and medical conditions on the fall risk in older hospitalized patients. Design Matched case-control study. Setting Large regional hospital in a mid-sized German city. Subjects Four hundred eighty-one inpatients aged ≥ 65 years who fell during hospitalization ("cases") and a control group of 481 controls, matched for age, gender, and hospital department. Methods Diagnosis, medication, vital parameters, and injuries were compared between cases and controls. Univariate and multivariable odds ratios (ORs) and their corresponding 95% confidence intervals (CIs) were calculated. Main results Several drugs were significantly associated with falls in multivariate analyses: long-acting benzodiazepines (adjusted OR = 3.49; 95%-CI = 1.16-10.52), serotonin-noradrenalin reuptake inhibitors (SNRI) (2.57; 1.23-5.12), Z-drugs (2.29; 1.38-3.59), low-potency neuroleptics (1.87; 1.08-3.23), ACE inhibitors/sartans (1.42; 1.07-1.89). Digoxin (0.32; 0.11-0.99) and aldosterone receptor antagonists (0.54; 0.33-0.88) were negatively associated with falls. No significant association in multivariate analyses was found for short-and intermediate-acting benzodiazepines, mirtazapine, and opioids. Hyponatremia (1.52; 1.15-2.03) and leukocytosis (1.39; 1.05-1.87) in blood examination on admission showed significant association with falls. As secondary diagnoses, Parkinson syndrome (2.38; 1.27-4.46) and delirium (3.74; 2.26-6.21) were strongly associated with falls. The use of more than one psychoactive drug was a separate risk factor for falls (p < 0.0001). Conclusion Several drugs including SNRI, neuroleptics, and Z-drugs showed a significant association with inpatient falls. The frequently prescribed tetracyclic antidepressant mirtazapine did not appear to increase the risk of falls. Psychoactive polypharmacy should be avoided.
Introduction
In hospitalized adults, especially in older patients, falls are common events which may cause fear of falling, loss of independence, injuries, and sometimes death as a consequence of injury [1] . The highest fall rates, with up to 11.7 falls per 1000 patient days, occur in geriatric departments [2] . Up to 10% of falls in geriatric wards result in serious injuries [3] . A multitude of intrinsic and extrinsic factors has been associated with falls [4] . Due to their effect on cognition and mobility, certain medication classes have been identified as risk factors for falls in older patients [5, 6] .
Falls can be indicators of adverse drug effects [7] . Several studies reported a significantly increased risk of falls by benzodiazepines. This applies for both shortacting and long-acting compounds [5, 6] . Z-drugs are sometimes considered to be advantageous compared with benzodiazepines, particularly concerning the development of tolerance and dependence [8] , but several studies have reported similar adverse effects [5] .
Despite a wealth of studies on the impact of drugs on the risk of falls, there are two major gaps in our knowledge:
1. There is anecdotal evidence that some further drugs, in addition to benzodiazepines and Z-drugs, may increase the risk of falls. A large study of the safety and harms of antidepressant drugs for older people based on a large primary care database [9] found that all classes of antidepressant drugs were associated with significant increases in fall risk. To our knowledge, this has never been evaluated in a hospital setting.
Simple correlation analyses between drugs and falls may
under-or overestimate the risk of falls, when the patientsm edical conditions are not considered. For example, when neurological symptoms which provoke falls are treated with anti-Parkinson drugs, it is not clear whether these drugs or the underlying conditions increase the risk of falls ("confounding by indication").
The aim of this study was to identify medication and medical conditions associated with falls in older inpatients of a general hospital, using a case-control design that allows for a simultaneous control of drugs and diagnoses.
Method

Context
The present study is part of a larger project in primary and secondary care to develop, implement, and evaluate strategies to reduce the use of hypnotics and sedatives [10, 11] .
Setting
The study took place in a regional German hospital (485 beds) with departments of internal medicine, geriatrics, trauma surgery/ orthopedics, general surgery, plastic surgery, urology, and otorhinolaryngology. It was approved by the Ethics Committee of the University Medicine Göttingen and was supported by a research grant from the German Ministry of Health (II A5-2513DSM228).
Patients and measurements
Using a case-control design, we aimed to identify all patients aged 65 years or older, for whom an incident of a fall was reported between 01 January 2013 and 31 December 2013. Falls were identified by retrospective analysis of digital inpatient fall protocols filled out by the nurses of the respective departments. A control group of patients with no falls was matched by age, gender, and department in equal numbers to cases. The medication in the 24 h prior to the fall was analyzed. For comparison with the matched pairs of the control group, we calculated the median of the interval between admission and fall (= 5 days) and compared the medication in the 24 h prior to the fall with the medication on day 5 in the control group. Data were collected from incident reports and medical records. Injuries following falls were divided into three groups: (i) minor injuries (including superficial skin defects), (ii) moderate injuries (lacerations, hematomas), and (iii) major injuries (fractures, dislocations, cerebral hemorrhage). We calculated the Charlson Comorbidity Index on the basis of the information available. Several routine laboratory parameters (performed in all patients) and the geriatric assessments (performed in the geriatric department only) consisting of Barthel Activity of Daily Living Index, Tinetti Mobility Test, Timed-Up-and-Go Test, and Mini-Mental Status Exam were also recorded both in fall and control patients. Because of the low number of patients assessed, Barthel Index, Tinetti Mobility Test, Timed-Up-and-Go Test, and Mini-Mental Status Exam were not included in the multivariable analysis.
Analysis
Comparing cases and controls, we first analyzed the association between falls and the patients' medication and conditions and calculated crude odds ratios (ORs) and their p values. Variables, i.e., drugs and conditions that matched the entry criterion of a p value of 0.25 or less in univariate analyses were entered into the multivariate logistic regression model. We used this relatively high entry criterion of 0.25, because lower p values as entry criterion failed to reduce confounding in logistic regression analyses [12, 13] .
Since diagnoses and drugs or other factors under study may be correlated, at least to a certain degree, the danger of multicollinearity arises, meaning that two or more highly correlated predictors make the conclusions about the relation between outcome (i.e., falls) and predictors (i.e., drugs, diagnoses) incorrect. We examined multicollinearity through the variation inflation factor, tolerance and an eigensystem analysis. A lack of multicollinearity is indicated by a value below 10 for variance inflation, a value above 0.1 for tolerance and rather large eigenvalues and small corresponding condition numbers [14] .
We defined the use of more than one psychoactive drug as psychoactive polypharmacy. The Wilcoxon test was used to compare the number of psychoactive drugs taken simultaneously of cases and controls as well as the scores of our calculation of the Charlson Comorbidity Index.
All statistical analyses were performed using SAS 9.4.2 for Windows.
Results
During the study period, a total of 481 patients were identified to have a fall incidence ("cases"), resulting in an incidence rate of 4.36 per 1000 patient days. Most of the patients came from the geriatric department (n = 209), followed by internal medicine (171), and trauma surgery (59). The rate of women among the sample was 58.8%, reflecting the higher rate of women among the older hospital population. The average age was 82 years ( Table 1 ). The two groups did not differ significantly in their comorbidity (median Charlson Comorbidity Index of 5.0 for cases and 4.9 for control patients, p = 0.09). In two-thirds of cases, the falls did not result in any injuries; minimal and moderate injuries happened in 30.7% of all falls, whereas 3.7% of all falls resulted in major injuries. One anticoagulated patient died as a consequence of subarachnoid hemorrhage. Table 2 compares the association between falls and different risk factors for cases and controls. While the left side of the table shows the results of the univariate logistic regression with those risk factors that differed between both groups with p < 0.25, the right side of the table shows the results of the multivariable logistic regression in which all factors from the left side were entered stepwise with an entry criterion of p = 0.25 and a level for stay of p = 0.1 so that about half of the factors on the left side remained in the multivariable model of the right side. The adjusted odds ratios were rather similar to the univariate odds ratios and their direction (below zero vs. above zero) changed in no case.
We can exclude a high inter-correlation of the factors under study and, consequently, multicollinearity. All values for variance inflation were below 1.4, i.e., far away from 10; the values for tolerance were above 0.7, i.e., far away from 0.1; all eigenvalues were far away from zero and all corresponding condition numbers not large (the largest being 51.7).
Five groups of medication were significantly more often administered to cases than to control patients, i.e., showed an increased risk of falls: long-acting benzodiazepines (adjusted OR, 3.49; 95% confidence interval, 1.16-10.52), SNRI (2.57; 1.23-5.12), Z-drugs (2.29; 1.38-3.59), low antipsychotic potential neuroleptics, and angiotensin converting enzyme (ACE) inhibitors or sartans. In contrast, two medications were less frequently administered to cases, i.e., showed a reduced risk of falls: digoxin (0.32; 0.11-0.99) and aldosterone receptor antagonists. Short-acting benzodiazepines, tetracyclic antidepressants (solely mirtazapine was prescribed in this study), and opioids showed no significant association with falls. After calculation of dose equivalents for benzodiazepines, Z-drugs, and opioids, only Z-drugs showed a dose-dependent effect on falls (p = 0.02).
Cases and controls differed significantly in several blood parameters on admission, such as hyponatremia and leukocytosis. Diagnoses were categorized in principal diagnoses based on ICD-10 codes and secondary diagnoses. In most cases, they were more frequent among cases than controls, with dehydration, Parkinson syndrome, and delirium particularly notable with ORs of 1.85, 2.4, or 3.7 in favor of cases. Unexpectedly, the diagnoses dementia and ischemic stroke were not associated with falls, and the association between falls and anemia was statistically significant only after univariate analysis. In our univariate model, patients with diseases of the urogenital system (ICD codes N00-N99), which include impaired renal function and diseases of the kidney, showed a tendency towards more falls, but the difference between patients with falls and control patients was not statistically significant (p = 0.09). Plasma creatinine in patients with falls was 1.3 ± 0.84 mg/dl and in control patients 1.2 ± 
Discussion
Based on a large number of patients and a multivariable analysis, this study confirmed the role of several drugs as risk factors for falls, with long-acting benzodiazepines and Z-drugs among them. A previously in the hospital setting not reported finding was the prescription of SNRI as a further and independent risk factor of falls. Even after we controlled for conditions that are known to increase the likelihood of falls in the hospital environment, such as delirium and Parkinson syndrome, this risk factor remained significant. In contrast, there was no evidence that mirtazapine significantly contributed to falls in elderly patients.
A major strength of this study is the large sample of patients across all departments of a typical German hospital over an entire year. In a multivariable analysis, we rigorously controlled the influence of different groups of drugs and medical conditions as risk factor for falls. It is, therefore, rather unlikely that the effect of drugs on falls was strongly confounded by indication. Although the analysis is based on patients from only one hospital, it is a rather typical, rather large hospital with different departments. The gender mix of the study sample with 59% women is close to the German Hospital Statistics [15] for patients > 64 yrs., with a rate of 54% hospitalized women. The somewhat higher rate in our sample is due to the high rate of patients from geriatric wards, who are especially threatened by falls. At the geriatric department of our hospital, patients undergo a risk assessment on admission. To avoid inappropriate drug prescribing, all departments of the hospital use an electronic prescribing tool. Patients with an unsteady gate are encouraged not to walk without personal assistance, and prevention of falls is one main goal of physiotherapy.
A major limitation of this study is its retrospective character. Compared with follow-up studies or even randomized controlled trials, retrospective studies cannot establish a causal relationship between exposure and event. Moreover, casecontrol studies are, in principle, subject to bias, in our case the presence of confounding variables. There are different approaches to reduce confounding, such as matching of cases and controls. We matched patients by age, gender, and department, but not for diagnoses. Other studies also matched cases and controls according to diagnoses or length of hospital stay [16, 17] . Our matching according to department, apart from age and gender, may have helped to reduce confounding, since "department" may be considered a proxy for a cluster of diagnoses and length of hospital stay and the Charlson Comorbidity Index did not differ significantly between both groups. Although diseases of the genitourinary system (ICD N00-N99) were not significantly more frequent in fall patients than in control patients, based on the eGFR, renal impairment of patients with falls was slightly more pronounced than of control patients (mean eGFR 50.35 versus 55.31). Caution is needed concerning the number and selection of matching variables since with a growing number of matching variables, the cases and controls will become increasingly similar with respect to the exposure of interest, and the study may produce a spurious result or provide no information [18] .
Another possibility to reduce confounding is the use of a multivariable logistic regression model. So, we could control the possible effect of diseases and other factors and thus approximately determine the "true" effect of the medication under study. Our decision to select the median of days prior to the fall as the day of investigation for control patients could have underestimated the use of medication in the control group.
While in many studies benzodiazepines, due to their effect on cognition, postural stability, and mobility, increased the risk of falls [4] [5] [6] , convincing data in inpatients are still missing for drugs recently introduced into geriatric medicine such as Zdrugs and SNRI. SNRI, commonly used in the treatment of depression, had a statistically significant association with falls in univariate and multivariable analyses. SNRIs, especially duloxetine, less frequent venlafaxine, have a broader spectrum of interactions potentially leading to adverse drug reactions including falls [19] . Hyponatremia, which was strongly associated with falls, occurs more frequently under therapy with SNRI [20] . Z-drugs had a similarly strong association with falls as SNRI, with odds ratios above 2.0 in both cases. Z-drugs are frequently used in the treatment of anxiety and insomnia but, as benzodiazepines, have an impact on cognition, balance, and coordination-as main reasons for falls [21] .
Mirtazapine showed no significant association with falls in the multivariable analysis. It is a drug of choice for the treatment of geriatric depression and insomnia, thanks to its sleepinducing, antidepressant, and appetite-enhancing effects. Mirtazapine generally is well tolerated [22, 23] . In the univariate analysis, we found an association with falls, probably because mirtazapine was administered to treat depressive states or insomnia in patients suffering from Parkinson syndrome and delirium, which increased the likelihood of falls. After controlling for these variables, the association between mirtazapine and falls was no longer significant in the multivariable analysis. In our study mainly low doses of mirtazapine (≤ 15 mg) were administered, and this may be one cause for the absence of a significant impact of this drug on the rate of falls. Our observation is consistent with previous results from the ambulatory setting, where mirtazapine was associated with the lowest increase of the fall risk of all antidepressants studied with an odds ratio of 1.2 [9] . Further studies should address whether doses > 15 mg of mirtazapine are associated with a higher risk of falls than low doses in geriatric inpatients.
Compared with recent studies, we found divergent results for ACE inhibitors/sartans, digoxin, and aldosterone receptor antagonists [5, 6] . The reasons for the unexpected increase in falls during ACE inhibitor/sartan medication may be the consequent titration of ACE inhibitors/sartans up to maximum tolerated doses at our institution in patients with cardiac failure, which often lowers blood pressure and may have caused orthostatic dysregulation. In several studies, digoxin increased mortality in patients with atrial fibrillation and flutter [24, 25] . In our hospital, digoxin and digitoxin are used with great caution with the only indication "tachyarrhythmia in patients with atrial fibrillation or flutter, when adrenergic beta-blockers are not effective enough or contraindicated." When used restrictively as in the present study, digoxin appeared not to increase the risk of falls possibly by avoiding tachyarrhythmic episodes. Congestive heart failure is an independent risk factor for falls [26] . Aldosterone receptor antagonists often improve cardiac output and thereby may reduce the frequency of falls [27] . We used spironolactone in frail and non-frail geriatric patients with strict monitoring of renal function and plasma potassium. Unlike in previous reports [28] , the diagnosis of dementia did not increase the fall risk in this study probably because of the high prevalence of dementia in patients with and without falls.
Polypharmacy can cause drug-to-drug interactions and adverse drug effects [29, 30] . Psychoactive polypharmacy, i.e., the simultaneous use of more than one psychoactive drug, was highly associated with falls in this study and should, therefore, avoided whenever possible.
In conclusion, we found a clear association between several classes of psychoactive drugs and falls in geriatric patients. In particular, the use of more than one psychoactive drug increased the risk of falls in geriatric patients. In this study, mirtazapinefrequently used in geriatric medicine because of its favorable spectrum of effects-did not increase the incidence of falls.
